Abstract. We present the results of a 47-ks Chandra-ACIS observation of the old open cluster M 67. We detected 25 proper-motion cluster members (including ten new sources) and 12 sources (all new) that we suspect to be members from their locations close to the main sequence (1<B-V <1.7). Of the detected members, 23 are binaries. Among the new sources that are members and probable members are four spectroscopic binaries with P orb <12 d, two contact binaries and two periodic photometric variables with P ph <8.4 d. Their X-rays are likely the result of coronal activity enhanced by tidally locked rapid rotation. The X-rays of the new source S 997, a blue straggler in a wide eccentric orbit, are puzzling. Spectral fits show that the X-rays of the brightest sources S 1063 (a binary with a sub-subgiant), S 1082 (a triple blue straggler with a close binary) and S 1040 (a circular binary of a giant and a cool white dwarf), are consistent with coronal emission. We detected a new bright source that must have brightened at least about ten times since the time of the ROSAT observations. It is not clear whether its faint blue optical counterpart belongs to M 67. We discuss the possibility that this source is a low-mass X-ray binary in quiescence, which would be the first of its kind in an open cluster. In addition to cluster members, we detected about 100 background sources, many of which we identify with faint objects in the ESO Imaging Survey.
Introduction
The X-rays of late-type stars are believed to result from a magnetic dynamo driven by convection and rotation. As single stars spin down as they age, their X-ray emission is expected to decrease accordingly. Observations of young (<600 Myr) open clusters indeed show a decline of the average X-ray luminosity with age (Randich 1997) . Consequently, X-ray observations of old (>1 Gyr) open clusters are especially suited to look for special stars among the cluster members, and above all to look for interacting binaries. The efficiency to detect binaries in old open clusters with X-ray observations is illustrated by the results of ROSAT observations of IC 4651, NGC 6940, NGC 752, M 67 and NGC 188 (Belloni & Tagliaferri 1997 , 1998 Belloni & Verbunt 1996; Belloni et al. 1993 . In these clusters, more than half of the X-ray sources with a cluster member as optical counterpart, are identified
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⋆ Tables 1 and 4 are only available in electronic form via http://www.edpsciences.org ⋆⋆ Present address: Harvard-Smithsonian Center for Astrophysics, 60 Garden Street, Cambridge, MA 02138, USA, maureen@head-cfa.harvard.edu with a binary of some sort. Mainly they are active binaries in which tidal interaction forces the stars into rotation that is synchronized to the orbit, thereby maintaining rapid rotation even at high ages. Typical X-ray luminosities of late-type active binaries in the ROSAT 0.1-2.4 keV band are 10 28 -10 32 erg s −1 , where the lowest luminosities are in general found for active main-sequence stars (BY Dra systems) and the highest for active giants and subgiants (RS CVn binaries; Dempsey et al. 1993a Dempsey et al. , 1997 . In this paper, we refer to both types as RS CVn systems. The probability to detect the brightest systems in young clusters -with higher main-sequence turnoff masses -is smaller as more massive (sub)giants evolve more rapidly. Among the counterparts in old open clusters are also binary blue stragglers and a single, rapidly rotating FK Com giant (believed to be the product of a merged binary). Until now, ROSAT also detected one cataclysmic variable (discovered in the optical) and one hot white dwarf, but due to their optical faintness and the magnitude limits of optical studies, such sources are much more difficult to identify.
Thus, in principle, observing old open clusters in Xrays is a way to study the properties of their binary pop-ulations, characterized by the clusters' properties like age and richness. Reversely, the number and properties of the binaries in a cluster are important for the dynamical evolution of a cluster (Hut et al. 1992 ). X-ray observations can be useful to point out close-binary candidates among stars that are difficult to include in systematic radial-velocity searches for binaries, for example among stars on the faint part of the main sequence.
In practice, the number of old open clusters that is not too distant or too reddened to be observed in Xrays, and for which the necessary information exists to complement the X-ray data (like proper-motion, radialvelocity and photometric data), is rather limited. One of the few suitable clusters for an X-ray study is M 67, a 4 Gyr-old cluster that has been investigated in detail in the optical. M 67 is a rich cluster, is relatively nearby (∼820 pc) and nearly unreddened (E(B − V ) = 0.04(2)), with a metallicity close to solar (Sarajedini et al. 1999) . Propermotion studies to establish cluster membership have been done by e.g. Sanders (1977) , Girard et al. (1989) and Zhao et al. (1993) ; in this paper we use membership information from Girard et al. (1989) that reaches down to V ≈ 16. ROSAT-PSPC observations of M 67 are presented by Belloni et al. (1993 . The faintest source detected in the combined ROSAT images has an X-ray flux of about 9 10 −15 erg cm −2 s −1 (0.1-2.4 keV), which corresponds to a luminosity of 7 10 29 erg s −1 at a distance of 820 pc. Here, we present the results of a recent Chandra observation of M 67 with a limiting flux about 40 times lower. With the increased sensitivity of this observation compared to those of the ROSAT observations, we can detect fainter sources, but single cluster stars remain out of reach. Moreover, Chandra's subarcsecond positional accuracy avoids confusion when looking for optical counterparts in the crowded field of the cluster. We describe the data reduction and source detection in Sect. 2, the crossidentification with optical and ROSAT sources in Sect. 3, and the spectral and variability analyses in Sect. 4. Sect. 5 discusses individual systems in more detail.
Observation and data reduction

Observation
The central field of M 67 was observed from May 31, 11:19 to June 1, 00:47 2001 UTC for 46.8 ks in timed exposure mode using faint telemetry format (ObsId 1873) with the Chandra Advanced CCD Imaging Spectrometer (ACIS, see The Chandra Proposers' Observatory Guide for the instrument description). The integration time of individual frames was 3.2 s. Each ACIS detector has a field of view of 8.
′ 4 × 8. ′ 4, while one pixel projects to ∼0. ′′ 492 × 0. ′′ 492 on the sky. The telescope aimpoint was at α = 8:51:23.1, δ = 11:49:32.7 (J 2000) on CCD I 3, such that the four ACIS-I detectors covered the cluster centre; two additional ACIS-S CCDs (S 2 and S 3) imaged part of the eastern regions of the cluster. See Fig. 1 for the configuration of the ′ × 45 ′ Digitized Sky Survey image of M 67 that shows the configuration of the six ACIS detectors exposed in the observation. CCD numbers are indicated in the corners. The ACIS-aimpoint was at α = 8:51:23.1, δ = 11:49:32.7 ( J2000), marked with a cross on I 3. Each CCD has a field of view of 8.
′ 4 × 8. ′ 4. The positions of the inner ring of the PSPC window support structure in the first and second ROSAT observation are also indicated. North is up, east to the left. detectors on the sky. The field covered by ACIS is fully included in both ROSAT-PSPC images of the cluster.
Data reduction
Data reduction was done with the routines of the CIAO 2.2 software package following the threads on the CIAO webpages 1 . First, the level-1 events file was processed with the task acis process events to make the following corrections: application of a new calibration file (geom.par, released in version 2.9 of the Calibration Database); removal of pixel randomization to improve the point spread function (randomly spreading event-positions within one pixel is part of standard data processing and is done to remove artificial patterns caused by the satellite dither; in the image of M 67, the pattern is blurred automatically because the exposure time spans many dither-cycles) and application of Pulse Height Amplitude randomization (blurring of the energy values assigned to events to avoid that a source's spectrum shows discrete peaks). We refer to the CIAO threads for a more detailed description of these steps. A level-2 events file was then generated in which only events with grades 0, 2, 3, 4 and 6, and a status of 0 are preserved; "flaring pixels", contaminated by cosmic-ray events, are filtered out in this step. An additional filter is applied that only preserves data taken during good time intervals. Finally, a correction is applied to the aspect solution provided by the standard data processing.
Three images were created by splitting the observation in a soft (0.3−2 keV), hard (2−7 keV) and total (0.3−7 keV) energy band. The images were cleaned to remove time intervals with background countrates that deviate more than ±3 σ from the mean value. As the CCDs have different characteristics, the cleaning was done for each chip separately. This leads to a reduction of the exposure time of < 2.5 %. Next, an exposure map was computed for each CCD in each energy band that represents the effective exposure of each position on the detector by taking into account spatial variations of the instrument's effective area and the dither motion of the telescope.
Source detection
We used the wavdetect routine to detect sources in the unbinned images. For ACIS-I, the detection was done on scales (wavelet radii) ranging from 1 to 11.3 pixels, where scales are increased by factors of √ 2. For ACIS-S, that lies further from the aimpoint resulting in a larger point spread function, we used scales from 8 to 45.3 pixels. A small part of S 2 is excluded from the detection as, judging from the prominent square pattern, it appears to contain a bad pixel. The significance threshold for detection was set to a 10 −6 probability per pixel for a spurious detection, corresponding to ∼1 false detection per ACIS CCD of 1024 × 1024 pixels 2 . For some sources, wavdetect finds a very low number of background-corrected counts (2±1); we do not reject these sources as wavdetect is primarily designed for source detection and is known to underestimate the source counts in some cases (Freeman et al. 2002) . We computed vignetting-corrected countrates by normalizing a source's exposure to the exposure near the aimpoint.
The resulting source lists of the different energy bands were crosscorrelated by sky coordinates to create one master list, in which sources are indicated with the prefix 'CX'. We adopt an error on the position that is the quadratic sum of the 1-σ wavdetect errors, and a contribution that depends on the number of detected counts (following information on the Chandra webpages, we add 0.
′′ 5 for sources with 20 counts or less, and 0.
′′ 2 for sources with 100 counts or less and more than 20 counts). Sources are considered to be a matching pair when their positions agree within these errors. A first crosscorrelation results in a total of 193 sources. However, after inspecting this list, we find that several sources are separated by only 0.
′′ 05-3. ′′ 1. When increasing the wavdetect errors to 2 σ and 3 σ, and repeating the crosscorrelation, we find 20 and 8 extra matches with respect to the 1 σ and 2 σ cases, respectively. There remain two cases on ACIS-I in which sources lie close together and that we will treat as matches: a hard-band source with 12 counts that lies 0.
′′ 9 from a total/soft-band pair (our final source CX 10), and a soft-band source with 4 counts that lies 1.
′′ 4 from a total-band source (our final source CX 114). We note that CX 10 and CX 114 could also be blends of two different sources. There are five cases on ACIS-S, more than ∼12 ′ from the aimpoint, for which two sources of different energy bands are too far apart to be a match, but whose source regions (i.e. the region with three times the size of the standard deviation of the spatial distribution of source counts) for the most part overlap. As their separations are small relative to the sizes of the source regions, and as the uncertainty in Chandra positions may be underestimated for large off-axis angles, we still consider these detections as corresponding to the same X-ray source (CX 18, CX 34, CX 35, CX 44, CX 54) . Our final master list contains 158 sources. Table 1 lists the properties of the sources, sorted on number of counts in the total band as derived by wavdetect. In the following, we use positions derived from the total-band image.
We now add some notes on individual sources. The source region of CX 54 includes the bad region on CCD S 2 that was excluded from the detection. We have not removed this source from our list, as a ROSAT source lies in the source region of the Chandra source. We stress that the properties of CX 54 are likely not well represented by the numbers given in Table 1 . The source regions of CX 32 (detected in all three bands) and CX 45 (detected in soft and total band) overlap; possibly wavdetect separated what looks like the extended emission of the same source (the optical counterpart is an active galaxy, see Sect. 3.1) in two. Also the source regions of CX 71 (detected in total and soft band) and CX 149 (detected in hard band only) overlap; for this pair we only know that the optical counterpart is faint and blue (see Sect. 3.1).
To get an idea about the spurious detections in our list, we repeated the detection with the threshold set to a 10 −7 probability per pixel for a spurious detection. The 26 sources that are not detected in this run of wavdetect but that are found with the threshold set to 10 −6 , are marked with an asterisk ( * ) in Table 1 .
Crossidentification with optical and ROSAT sources
Optical identification
To look for optical counterparts of the Chandra sources, we crosscorrelated our source list against several optical catalogues. Our main reference for objects with 11 V 23 is the catalogue from the ESO Imaging Survey (EIS, Momany et al. 2001) . Before crosscorrelating the X-ray and optical lists, we had to correct for any systematic offset between the X-ray and the optical positions, which we have done iteratively. We started by overplotting the Xray sources on the EIS image and thus identified by eye optical counterparts for the brightest sources. From the positions of twelve stars that were already considered to be X-ray sources from ROSAT and optical follow-up observations, we computed median offsets for right ascension and declination. After correcting the X-ray positions for these Table 1 . X-ray sources in the field of M 67 detected by Chandra. For each source we list the Chandra number, the distance from the aimpoint, the celestial position (J 2000) derived from the image in the total energy band, the number of background-corrected counts in the total energy band derived by wavdetect, the net countrate (i.e. corrected for background counts and for vignetting) in the total band, the energy band B in which the detection has the highest significance (S=0.3−2 keV, H=2−7 keV, T=0.3−7 keV), and the hardness ratio HR (if σ HR < 0.4). If appropriate, we also give the ROSAT counterpart 'X' , the optical counterpart 'opt', and the distance d XO between the Chandra and the optical source. The name of the optical counterpart is selected from (in order of preference): Sanders (1977) (S), the EIS list of Momany et al. (2001) (E), and Fan et al. (1996) (F) . Sources that are identified by eye with objects listed in neither catalogue are labelled with 'faint' (see Table 4 (8) 513(24) 14.5 T 0.65±0.04 15 c faint 0.1 * Source is detected with the significance threshold set to 10 −6 but not with the threshold set to 10 −7 * * All positions are corrected for a systematic offset with respect to the EIS optical positions which is ∆α = αX − αopt = −0. ′′ 23 and ∆δ = δX − δopt = −0.
′′ 20. The errors on the positions that we give here are the 1-σ wavdetect errors including the corrections for small counts numbers. They are often much smaller than the uncertainty in the absolute positions, i.e. than the uncertainty in the offset values (∼0.
′′ 3).
offsets, we correlated the X-ray and optical lists. When an X-ray and optical position match within the errors, the optical source is accepted as a counterpart. For the X-ray sources, we adopted the same errors (with the 1-σ wavdetect contributions) used to correlate the source lists of the three energy bands. We used the maximum internal error on the EIS position (∼1 ′′ , see Fig. 3 of Momany et al. (2001) ) as the error on the optical positions. With the new, larger set of counterparts, we calculated a new offset between the X-ray and optical positions and again correlated the lists after applying the updated correction. This was repeated until no new counterparts are found. In this way, we have found 56 EIS optical counterparts. The positions in Table 1 are corrected for the final offsets:
′′ 33. The precision of the X-ray positions is limited by the uncertainty in these offsets. For ACIS-S sources, we possibly underestimated the positional errors, and therefore we repeated the crosscorrelation using 2-σ and 3-σ wavdetect errors. Since in five cases we associated soft-and total-band sources with a relatively large separation (see Sect. 2.3), the crosscorrelation was done for each energy band separately in order not to miss possible counterparts. We found four (three) extra counterparts with 2-σ (3-σ) errors. To look for extra counterparts, e.g. stars that are too bright to be included in the EIS list, we repeated the above steps with the catalogues of Montgomery et al. (1993) , Girard et al. (1989), and Fan et al. (1996) . We thus found five more counterparts. For each identification, the distance between the X-ray source and optical counterpart is given in Table 1 , in which the notes indicate whether the counterpart was found using larger errors or the additional catalogues. Tables 2 and 3 summarize the properties of the counterparts, while Fig. 2 shows their positions in the M 67 colour-magnitude diagram. We use the photometry from EIS for stars with V > 14 and from Montgomery et al. (1993) for the remaining stars, as the EIS magnitudes of bright stars can be affected by saturation effects.
All identifications were checked by eye. The errors on the X-ray positions are so small that we either find zero or one possible counterpart. A known QSO lies between CX 32 and CX 45, where their source regions overlap (see Sect. 2.3); we tentatively associate this QSO with both X-ray sources. Similarly, we tentatively match the faint blue counterpart of CX 71 with the nearby source CX 149 (see Sect. 2.3.) We indicated eight more optical sources as possible counterparts for X-ray sources on ACIS-I; they lie outside the errorboxes, but inside the X-ray source regions and only 1 ′′ -4 ′′ from the X-ray sources. Possible counterparts are indicated in italics in Tables 2 and 3 . Finally, we found fifteen possible counterparts by examining the EIS V -image to look for faint optical sources that are not included in either catalogue. Their estimated positions are given in Table 4 .
Identification with ROSAT sources
Of the 59 ROSAT sources detected by , 24 lie outside the ACIS field of view. In what follows, we indicate ROSAT sources with an 'X'. Of the 35 sources in the ACIS field, 26 have one Chandra counterpart in or just outside (< 0.
′′ 3) their 90% error circles, while for five we find two counterparts: X 38 (CX 48, CX 89), X 39 (CX 32, CX45), X 46 (CX 111, CX 112), X 53 (CX 36, CX 120; both near the border of the error circle), and X 41 (CX 88, and CX 104 just outside the error circle). Three possible identifications are X 56/CX 54, X 14/CX 13 and X 15/CX 4 for which the Chandra sources lie 2-4 ′′ outside Tables 2 and 3 . The meaning of the symbols is included in the figure, where p is the proper-motion probability for cluster membership, and CV is the cataclysmic variable EU Cnc. Sources without proper motion information are divided into sources near (squares) and to the blue of (circles) the main sequence.
the ROSAT error circles. These (tentative) crossidentifications are included in Tables 1-4 . The closest Chandra source to the remaining ROSAT source X 54 is CX 56, at a distance of 25. ′′ 9 or 2.5 times the ROSAT error radius; we do not consider it a counterpart. As Chandra's spatial resolution is many times better than ROSAT's, we can check if the optical identifications suggested by still hold. In four cases we find a new counterpart (the deep EIS list was only recently published), in four cases we can distinguish between several suggested counterparts, and in five cases we find a different counterpart (see Tables 2-4) . We exclude the identification of CX 11/X 51 with star 6441 from Montgomery et al. (1993) and of CX 44/X 58 with the probable non-member S 1414; we find no alternative counterparts. The number of corrected ROSAT identifications is in agreement with the estimated number of chance coincidences in .
Spurious identifications
We now estimate the probability that an X-ray source and an optical EIS-source are crossidentified by chance. This probability depends on the area (error box) around the Xray source within which we search for counterparts, and on the surface density of optical sources. Since both the average errors on the X-ray positions (δ) and the stellar surface Table 2 . Properties of optical counterparts with propermotion probabilities for membership p>80 % (top) and p < 80 % (bottom). The first columns list the Chandra source (CX) and, if appropriate, the corresponding ROSAT source (X). Optical sources are identified with their number from Sanders (1977) ; an 'S' indicates that the present counterpart is selected from several ROSAT candidate counterparts. The next columns give V , B − V , the unabsorbed X-ray luminosity L X in the 0.3-7 keV band (in erg s −1 ) (p for probable non-members), the orbital period P orb (in days; 'var' denotes a radial-velocity variable) and eccentricity e. References for information on binarity (see notes), and remarks are given in the last column (SG=sub-subgiant, BS=blue straggler, YS=yellow straggler, WU=contact binary of W UMa type, bin=star lies on binary sequence). Identifications that are uncertain because of relatively large offsets between X-ray and optical positions are printed in italics; see the discussion in Sect. 3.1. The conversion of counts to flux is discussed in Sect. 4.2. Latham, priv. comm.), 4=Mathieu et al. (1990 ), 5=Kurochkin (1960 ), 6=Latham et al. (1992 , 7= Latham & Milone (1996 ), 8=Gilliland et al. (1991 ), 9=Stassun et al. (2002 Table 3. Properties of optical counterparts without proper-motion information. The top part refers to sources near the main sequence, the lower part to the remaining sources. The first two columns list the Chandra source (CX) and, if appropriate, the corresponding ROSAT source (X). Optical sources are indicated with their EIS numbers; we indicate whether the identification is new (N), or is a correction of a ROSAT identification (C). References (see Table 2 ), and remarks are given in the last column (CV=cataclysmic variable, WU=contact binary of W UMa type, bin=star on binary sequence, P ph = photometric period; 'F' and 'LB' refer to sources from Fan et al. (1996) and Luyten (1963 Luyten ( , 1961 ). Identifications that are uncertain because of relatively large offsets between X-ray and optical positions are printed in italics; see the discussion in Sect. 3.1. Uncertain identifications with ROSAT sources are marked with a ' ?'; see Sect. 3.2. density vary with distance from the aimpoint at the cluster centre, we make an estimate for ACIS-I (δ=0.
′′ 44) and ACIS-S (δ=1.
′′ 1) separately. We use a box with sides equal to twice the quadratic sum of δ and the error on the optical positions (1 ′′ ), to compute the search area around an X-ray source. The number of EIS-sources inside ACIS-I and ACIS-S is 1264 and 472 2 , respectively. Therefore, the probability that a randomly placed box includes an EISsource is (2 × 1.
2 )) = 6.0·10 −3 for ACIS-I, and (2 × 1.
for ACIS-S. We detected 140 X-ray sources on ACIS-I; thus we compute that for 140 trials, the probability to identify an X-ray source with 0, 1 or 2 EIS-sources by chance is 43, 36 and 15 %, respectively. The corresponding numbers for ACIS-S (18 sources) are 86, 13 and 0.9 %. In a similar way, we compute the probability for spurious identifications with proper-motion cluster members, and with proper-motion members that are known binaries. On ACIS-I, 230 stars have a membership probability p > 80 %, while there are 48 cluster binaries (see Latham et al. (1992) , Latham & Milone (1996) , van den Berg et al. (2001) , four contact binaries from Gilliland et al. (1991) and Stassun et al. (2002) , and seven binaries with unpublished orbits (D. Latham, priv. comm.) ). On ACIS-S, there are 14 stars with p > 80 %, while there are no known binaries. The results are summarized in Table 5 . From these numbers we conclude that probably all identifications with cluster binaries (see Table 2 ) are correct. We also estimate the probability for a chance identification of a Chandra source with a ROSAT source. Using the average 90 % error radius of the ROSAT sources inside ACIS (11.
′′ 6), we find that for one trial this probability is 1.2 10 −2 and 5.0 10 −3 on ACIS-I and ACIS-S, respectively. The probabilities for one or two chance superpositions on ACIS-I are relatively large (Table 5) , so some of our 34 identifications are likely to be false.
Analyses
Spectral fits
To obtain more information about the nature of the Xrays, we have fitted the spectra of the ten brightest sources Table 5 . Probabilities for 0, 1 and 2 spurious crossidentifications of Chandra sources with sources in the EIS catalogue, with stars that have a probability for cluster membership p > 80 %, with binaries with p > 80 % (no such binary inside ACIS-S), and with ROSAT sources. with more than 250 counts in the total energy band. We used the CIAO script psextract to create spectra from the level-2 events files, and to construct instrument response files. Data are grouped in bins containing at least 25 counts. The auxiliary response files are corrected for the continuous degradation since launch of the ACIS quantum efficiency at mainly low energies. This is done with the acisabs-model by Chartas & Getman (2002) for the timedependent absorption due to molecular contaminants on ACIS. The spectral fitting is done with Sherpa, CIAO's package for modeling and fitting data. Except for CX 7 on S 3 (a back-side illuminated CCD with a higher background countrate than the front-illuminated CCDs), the contribution from the background was ignored. Energies below 0.35 keV were excluded from the fits because of the large uncertainty in the ACIS gain at these energies.
Late-type stars
The counterparts of CX 1, CX 3, CX 5, CX 6, CX 7, CX 9 and CX 10 are late-type stars. All are cluster members and binaries, except CX 7 (S 1601) that has not been investigated for binarity and to which Girard et al. (1989) assigned a low probability for cluster membership (p = 48 %, see Table 2 ), although we note that Sanders (1977) found p = 91 % for this star. We fitted the spectra of these sources with the xsmekal-model for emission by an optically thin gas in collisional equilibrium (Mewe et al. 1995) , often used for the coronal X-ray emission of active latetype stars (see e.g. Dempsey et al. 1993b) . We use the xswabs-model for photo-electric absorption to take into account extinction by neutral hydrogen. The reddening of M 67 (E(B − V ) = 0.04) is converted into a neutral hydrogen column density N H = 2.2 10 20 cm −2 following Predehl & Schmitt (1995) ; N H is kept fixed in the fitting. For CX 7, the possible non-member, this N H is an upper limit. The total galactic extinction in the direction of M 67 is equal to the extinction of M 67; therefore, only when CX 7 is a foreground star, it can have an N H that is different (viz. lower) than the one adopted. For all sources, fits with one-temperature (1T) solar-abundance models gave results with the reduced chi-square χ 2 ν > 2. For the brightest sources CX 1 and CX 3, we tried to fit two-temperature (2T) models with solar abundance, and 1T models with variable abundance. While the former give acceptable fits (χ 2 ν < 1.4) with a significant (>99 %) improvement relative to the 1T solar-abundance models, the latter do not (χ 2 ν > 1.8). For consistency with the brighter sources, we also fitted the fainter sources with 2T solar-abundance models. Table 6 summarizes the results; for CX 7 the fit for N H = 0 is also included. The last-but-one column of the table gives a countrate-to-flux conversion factor CF that illustrates the intrinsic differences between the spectral models; it is computed by dividing the unabsorbed flux by the countrate (see Table 1 ). The top frame of Fig. 3 shows the best fit to CX 1.
We add a few remarks on the spectrum of CX 1 which is the binary S 1063 with an anomalous position in the M 67 colour-magnitude diagram, ∼1 mag below the giant branch (see Mathieu et al. (2003) for a detailed discussion). Mathieu et al. note that the colours of CX 1/S 1063 suggest that its reddening is about 5 times higher than the total reddening in the direction of M 67, in other words N H ≈ 1 10 21 cm −2 . We have looked for indications for such enhanced, intrinsic reddening in the spectrum of CX 1 by doing a fit in which the value of N H is allowed to float. We find that our data cannot sufficiently constrain N H (N H = 5 +8 −5 10 20 cm −2 ; see Table 6 for the complete results) to draw any conclusions. As the countrate of CX 1 is variable (see Sect. 4.3 and Fig. 5 ), we also investigate the possibility of spectral changes by simultaneously fitting the spectra of the first nine and the last four hours. Fits for which the temperatures are fixed but for which N H can vary between the start and end of the observation, give bad results (χ −0.9 keV). In the remainder we use the results of the 2T fit of the single spectrum, with N H fixed to the value of M 67.
CX 2, CX 4 and CX 8
For CX 2, we only know that the optical counterpart is faint and blue. For CX 4 and CX 8 we found faint optical sources near the X-ray positions in the EIS image. We tried to fit the spectra of these sources with a power-law, a blackbody, and a 1T-MeKaL model, all multiplied with a variable N H . The power-law and 1T models gave the best results, but the temperatures in the latter models are not well constrained and are higher than expected for stellar coronal sources. The spectra of CX 2 and CX 4 show excess soft counts with respect to the fits, which could be modeled by adding a blackbody to the power-law and 1T components, or (for CX 2) by fitting a 2T model. An Ftest indicates that the improvements with respect to the single-component models are more than 99 % significant for CX 2, and ∼97 % significant for CX 4. The normalizations of the blackbody-components for CX 4 are very uncertain. See Table 6 for a summary of the best fits, and the Table 6 . Results of spectral fits for the late-type stars (top) and the remaining sources (bottom). For each source, we give the best-fitting model (1T and 2T for one-and two-temperature MeKaL models; P for a power law; B for a blackbody). Next, we give the temperatures of the MeKaL components kT 1 and kT 2 (in keV), and the ratio of their emission measures EM 1 /EM 2 in the case of a 2T model; the blackbody temperature kT B (in keV) and normalization A B = 9.9 10 31 × (R/d) 2 with R and d the radius of the emitter and the distance, respectively; the power-law photon index Γ; and the column density N H (in cm −2 ). bottom frame of Fig. 3 for the power-law plus blackbody fit to CX 2.
Hardness ratios and luminosities
For sources without enough counts for a spectral fit, we can obtain spectral information by comparing the number of counts in different energy bands. To this end, we compute a hardness ratio HR = (H ′ − S ′ )/(H ′ + S ′ ), with S ′ and H ′ the counts between 0.5-1 and 1-7 keV, respectively, inside the source regions of the detections in the total band. Sources with soft spectra have HR < 0, while for hard sources HR > 0. The counts are corrected for vignetting with exposure maps, and for background. For sources without counts between 0.5-1 keV, HR ≡ 1. If σ HR ≤ 0.4, HR is included in Table 1 . Fig. 4 shows HR versus countrate in the total band. Arrows at HR < 1 indicate sources only detected in the soft band (0.3-2 keV); as this band partially includes the energy band used to estimate H ′ , we can still compute HR for these two sources. Known (non-)members of M 67, and stars near the faint main sequence are mostly found on the "soft" side of the diagram, while the active galaxies, the cataclysmic variable and sources with faint blue or without counterparts tend to be harder. To give some idea of what hardness ratios should be expected for different spectra, we compute HR for: power laws (often used to describe the emission of active galaxies, typically the photon index Γ = 2); thermal bremsstrahlung and soft blackbodies (for the spectra of stellar X-ray sources like cataclysmic variables); MeKaL models (for coronal emission of active stars). We assume N H = 2.2 10 20 cm −2 ; for the power law, we also show the effect of enhanced reddening by internal extinction.
For the brightest M 67 members, unabsorbed X-ray luminosities L X (0.3-7 keV) are computed with the countrate-to-flux conversion factors CF of Table 6 . We find that CF depends on HR: CF = (4.3(7) · HR + 6(2)) 10 −12 erg cm −2 s −1 per ct s −1 . This result is based on the spectral fits for the coronal sources in M 67 (except CX 10); as these sources are relatively hard, extrapolation to softer spectra may give systematic errors. CX 10 deviates from this fit, possibly because it is a blend of two sources (see Sect. 2.3). For members for which we did not perform spectral fits with σ HR ≤ 0.4 we use this relation to compute L X ; if σ HR > 0.4, we use the average HR of members to compute a typical CF (5.6 10 −12 erg cm −2 s −1 per ct s −1 ). We assume a distance to M 67 of 820 pc; the results are included in Table 2 .
X-ray variability
With the CIAO-task lightcurve, we created light curves in the soft, hard and total band to look for brightness variations of the X-ray sources within this 13-hour Chandra observation. Counts were binned into 1-hour time intervals. The background countrate is determined for each CCD separately from a region on the chip where no sources are detected. The resulting light curves are tested for variabil- Fig. 3 . Spectral fits for the brightest sources. The full lines show the best fits, squares indicate the data. For CX 1, the 2T MeKaL model is decomposed into the cool (kT 1 ; thick line) and hot (kT 2 ) components. For CX 2, the power law (P) and blackbody (B) are shown separately. The lower panels show the residuals of the fit, normalized to the errors. ity using a χ 2 -test. CX 1 (S 1063) and CX 3 (S 1082) are thus found to be variable: the probabilities that their countrates are constant, are <0.4 % in all energy bands. The light curves of the probable non-members CX 15 (S 972) and CX 17 (S 1042) have probabilities <4 % to be constant, in the total band. Their light curves are shown in Fig. 5 ; for comparison we also show the lightcurves of the bright non-variables CX 2 and CX 4. During the rise in countrate of CX 3, there appears to be a small increase in spectral hardness. HR averaged over the first nine hours is 0.23 ± 0.06, while over the last four hours it is 0.49 ± 0.06. The hardening of CX 1 is only marginally significant (HR = 0.40 ± 0.05 over the first nine hours while HR = 0.52 ± 0.05 for the last four hours), while for CX 15 the hardness ratios at the one bright point and averaged over the rest of the observation are compatible (HR = 0.5 ± 0.2 and 0.2 ± 0.1, respectively). The light curve of CX 17 shows no significant spectral changes.
The variations in the light curves of CX 3 and CX 15, and the spectral hardening observed for at least CX 3, resemble the behaviour of a flare. In RS CVn binaries, flares are frequently observed. The possible flares in CX 3 and Fig. 4 . Hardness ratio HR versus countrate in the total band; arrows indicated sources only detected in the soft/hard band. Symbols are as in Fig. 2 ; in addition, sources with a faint counterpart in Table 4 , or with a faint counterpart in Table 3 without a B-V , or without an optical counterpart are indicated with small circles. Typical errors for different countrate levels are plotted on the right. We show the expected HR for different spectral models assuming N H =2.2 10 20 cm −2 : a power law (PL) with Γ=1, 2 and 4; thermal bremsstrahlung (BR) with kT =1, 3 and 20 keV; a blackbody (B) with kT =0.03 and 0.1 keV; a 1T MeKaL model (1T) with kT =0.2, 1 and 3 keV. For the power law, we show the effect of enhanced reddening (N H =1 10 22 cm −2 ).
CX 15 are poorly sampled; for CX 3, the rise time is 1-2 h, while the decay time could be 2 h or more. These values are not uncommon for RS CVns. Also the peak luminosities, L X ≈ 2 and 1 10 31 erg s −1 (versus "quiescent" luminosities of 5 10 30 and 2 10 30 erg s −1 ) of CX 3 and CX 15, respectively, are typical, see e.g. Franciosini et al. (2003) .
The spectral fits of Sect. 4.1 suggest that the variability of CX 1 is caused by a rise in temperature. This is as expected for coronal sources for which a flux increase usually corresponds to an increase in temperature of the coronal plasma. It is not likely that a variation in N H causes the variability. In a point source, less absorption tends to soften the spectrum and, if anything, the spectrum of CX 1 at higher countrates is harder. It could be that the countrate/spectral variability of CX 1 is caused by a flare; flare rise times longer than the time span of this observation have been observed in RS CVn systems (Osten & Brown 1999 however not yet understood. The observed full amplitude ∆V ≈ 0.15 − 0.20 mag, which corresponds to a flux increase in V of a factor ≈1.2. The variation observed in this Chandra observation is larger, viz. a factor ≈4 difference between the start and end of the observation. Since the optical variability is not periodic, and since no simultaneous optical and X-ray data are available, it is not possible to phase the X-ray and optical variations. CX 1 was also found to be variable between the two ROSAT observations by a factor ≈1.7 ).
Results
We now discuss individual X-ray sources in more detail. In Sect. 5.1, we estimate the number of background objects among our sources. Sect. 5.2 deals with sources already detected by ROSAT, while new sources are discussed in Sect. 5.3. Fig. 6 . X-ray (0.1-2.4 keV) to optical flux ratio f X /f V versus V magnitude. Symbols are as in Fig. 4 . The ranges of f X /f V expected for stars (the highest ratios are for K(e) and M(e) stars in flaring states), white dwarfs (wd) and hot emission-line stars (es) including cataclysmic variables, and active galaxies are indicated on the right (Krautter et al. 1999 ). For sources without optical counterparts we indicate a lower limit to f X /f V assuming V = 23 which is the approximate limit of the EIS image (dotted line). For comparison with the ROSAT sources from Krautter et al., we have converted our 0.3-7 keV fluxes to the 0.1-2.4 keV band using the fits of Sect. 4.1 for CX 1-10. For the other sources, we used a power law with Γ=2 (for faint blue sources and galaxies), and an average conversion factor based on the coronal fits from Sect. 4.1 (for the remaining sources).
Background sources
We use the log N − log S distribution of X-ray background sources as derived from the Chandra Deep Field South (Campana et al. 2001; Moretti et al. 2002) to estimate that, between 0.5-2 keV, we expect to detect ∼40 extragalactic sources within 8 ′ of the ACIS aimpoint (A. Moretti, priv. comm.) . In the corresponding field, we actually detect 97 sources between 0.3-2 keV: 28 members and non-members, 9 sources near the lower main sequence, 24 faint blue sources, and 36 sources without counterparts in any of the catalogues searched. We expect that most background objects are in the last two groups; in fact, 3 faint blue sources are active galaxies and some faint counterparts of Table 4 look extended. Fig. 4 shows that most sources in these groups have relatively hard spectra as expected for active galaxies, although we cannot exclude that some are spectrally hard galactic sources. Similarly, the ratios of their X-ray and optical fluxes are consistent with those of active galaxies, white dwarfs or cataclysmic variables, and very active K or M dwarfs (see Fig. 6 ).
Known X-ray sources
Here we discuss known X-ray sources for which we can provide new information. Of the 25 cluster members detected by , sixteen were re-detected, and five were outside the ACIS field (S 628, S 364, S 1112, S 1113, and the hot white dwarf that was located between CCDs I 0 and I 2). In addition, CX 21/X 49, CX 20/X 43, CX 68/X 44 and CX 111/X 46, that were identified with the wide binary S 760, the single members S 1270 and S 775, and the member S 1027, are now identified with a faint blue source, with a galaxy, with the non-member S 2214 and with the member S 1024, respectively.
RS CVn binaries
All active circular binaries with P orb < 10 d, and the active eccentric binary S 1242 (van den Berg et al. 1999) , were re-detected by Chandra. suggested that these sources are similar to the RS CVn binaries, and that their X-rays result from rapid rotation induced by strong tidal forces. Preliminary orbital periods of ∼1 d were recently derived for S 1019 (CX 5) and S 1077 (CX 10), which suggests they are also RS CVn binaries (D. Latham, priv. comm.) . The spectral fits for S 999, S 1019 and S 1077 give temperatures similar to those typically found for field RS CVns using ROSAT (0.1-2.4 keV) data, viz. a hot and cool component of kT ≈ 2.2 and 0.3 keV (Dempsey et al. 1993b) . The low-energy cutoff of our data (0.35 keV) may explain the temperature difference of the cool components. We find a new counterpart for X 46/CX 111, viz. S 1024 with P orb =7.2 d; the former counterpart was S 1027. S 1024 is a circular doublelined spectroscopic binary composed of two nearly identical stars of M = 1.18 M ⊙ and V = 13.4 that could both contribute to the X-rays (Mathieu et al. 1990 ). detected several bright members for which the X-ray emission is not well understood, viz. the blue and yellow stragglers S 1040 (a giant and a cool white dwarf), S 1072 and S 1237 with orbits that are too wide for strong tidal interaction; the blue straggler S 1082; and the eccentric binary S 1063 with a sub-subgiant that lies ∼1 mag below the giant branch.
Peculiar X-ray sources
With the results of Sects. 4.1 and 4.3 we can say more on the X-rays of three systems. The close binary that was recently spectroscopically identified in S 1082 (van den Berg et al. 2001) could be an RS CVn system and thus be the source of the X-ray emission. The Xray spectrum, and the variability in the light curve, are indeed consistent with coronal activity. The spectra of S 1040 and S 1063, for which chromospheric activity features were found by van den Berg et al. (1999) , can be fitted by coronal models as well. However, the nature of the variability of S 1063 remains unclear. countrates of known X-ray sources. Symbols are as in Fig. 4 . For ROSAT sources that are identified with two Chandra sources, we plot the Chandra countrate of the brightest source, while a vertical arrow indicates the sum of both countrates. The two new Chandra sources and possible variables CX 2 and CX 12, and the cataclysmic variable EU Cnc (CX 57) are also indicated.
Non-members and possible members
The probable non-members S 972 (CX 15), S 1042 (CX 17) and S 1601 (CX 7) were re-detected. considered the brighter of two possible counterparts for X 44/CX 48 (the single member S 775) as the most probable counterpart. We now find that the other star, S 2214, is the X-ray source. Probably, these late-type stars are coronal sources: the spectrum of S 1601 can be well fitted with a MeKaL model, and the hardness ratios of the other three are consistent with coronal emission. S 972 was recently found to have P orb = 1.2 d (D. Latham priv. comm.) , and is thus an RS CVn system. The light curves of S 972 and S 1042 show indications of variability (see Sect. 4.3), possibly due to flares. S 1042 was also found to be variable by . Fig. 7 , that compares PSPC (0.4-2.4 keV) and ACIS (0.3-7 keV) countrates of sources detected by both instruments, suggests that it also changed brightness between the present and the ROSAT observations.
The cataclysmic variable EU Cnc
The cataclysmic variable EU Cnc (CX 57) was detected by ROSAT only below 0.4 keV. From Fig. 7 (in which CX 57 is plotted below the PSPC detection limit at log (countrate) = −3.3 for clarity), we indeed estimate that its Chandra countrate corresponds to an expected PSPC countrate between 0.4-2.4 keV near the detection limit. We find a relatively high hardness ratio. The combination of a hard and soft spectral component is often seen in cataclysmic variables where the white dwarf has a high magnetic field (i.e. polars), as is probably the case in EU Cnc; the hard X-rays are believed to come from shocks in the accretion stream while the soft X-rays come from the heated surface of the white dwarf (for references, see Kuulkers et al. 2003) . We refer to for more details on EU Cnc. Assuming a thermalbremstrahlung model, we estimate that L X ≈ 5 10 29 erg s −1 (0.3-7 keV).
New X-ray sources
Of the 25 proper-motion cluster members detected by Chandra, ten are new sources that are discussed in Sects. 5.3.1 to 5.3.4. We discuss sources that we suspect to be close active binaries in M 67 in Sect. 5.3.5, a new bright and variable source in Sect. 5.3.6, and probable non-members in Sect. 5.3.7.
The contact binaries S 757 and ET Cnc
With the detection of S 757 (CX 23) and ET Cnc (CX 61) all four known contact binaries in M 67 are now detected in X-rays. While S 757 is a proper-motion cluster member, no proper motion has been measured for the faint system ET Cnc. If it is located at the distance of M 67, it lies on the M V -colour-period relation for contact binaries and therefore it probably belongs to the cluster (Rucinski 1998) . The X-rays of contact binaries are believed to result from coronal activity around the rapidly rotating stars in the binary. Fig. 8 shows that L X /L bol of the systems in M 67 is comparable to that of other contact binaries of similar colours, i.e. several times lower than the maximum X-ray emission (log L X /L bol ≈ −3) of active single or detached binary stars (see Stȩpień et al. 2001 ).
RS CVn binaries
Five new sources are identified with binaries in M 67 with P orb < 12 d. The circular orbits of S 1009 (CX 78) and S 986 (CX 157) indicate that tidal interaction is taking place; the X-rays are then expected to be due to rapid synchronous rotation. S 1009 (P orb = 5.95 d) lies ∼1 mag below the main-sequence turnoff . S 986 (P orb = 10.3 d) is also a spectroscopic binary near the turnoff (Mathieu et al. 1990) , that shows eclipses (Sandquist & Shetrone 2003) . The secondary hardly contributes to the optical flux, but Sandquist & Shetrone (2003) recently discovered a third component in the spectrum; it is not clear whether this star is physically bound to the binary. Their decomposition puts the primary to the blue of the turnoff, which makes it a possible blue straggler. S 1272 (CX 155) is an eccentric binary (e = 0.26) with a primary that just left the main sequence (Mathieu et al. 1990 ). Possibly, tidal interaction started when the primary began to expand, and since synchronization is achieved before circularization, the primary could already be spun up (the pseudo-synchronous rotation period is 7.9 d (Hut 1981) ). S 996 (CX 91) and S 773 (CX 72) have preliminary orbital periods of 6.7 and 5.7 d, respectively, (D. Latham, priv. comm.) which suggest they are RS CVn binaries, too. As S 996 was considered as a possible counterpart of X 16 (CX 57/EU Cnc), Pasquini & Belloni (1998) took low-resolution optical spectra of this star, but no activity features were found.
While our active binaries show a spectral hardening with increasing brightness (Fig. 4) , X-ray sources in the Pleiades (a ∼100 Myr open cluster) show an inverse trend. In the Pleiades, this effect is mainly due to the early spectral types of the X-ray brightest members, whose soft Xrays may be different in nature (Daniel et al. 2002) . If we disregard these early-type sources, no strong dependence of countrate and hardness ratio is seen in the Pleiades. Fig. 9 shows the X-ray luminosities of all binaries in M 67 versus orbital period; arrows indicate the pseudosynchronous rotation periods of S 1242 and S 1272 (note that the object near the arrowhead of S 1242 is S 1009). When studying activity-rotation relations, L X is often normalized to the bolometric luminosity. Since in some of our binaries and triples more than one star contribute to the X-ray and/or optical flux, we make no attempt to do this to avoid introducing errors. However, in Fig. 9 we do indicate whether a system is brighter or fainter than the main-sequence turnoff around V = 13. Unlike Dempsey et al. (1993a Dempsey et al. ( , 1997 and Pallavicini et al. (1981) who found no correlation between L X and P orb of active binaries using Einstein and ROSAT All Sky Survey data, respectively, our data suggest a decrease of L X with increasing P orb for periods 12 d for which we expect that the rotation period equals the orbital period 3 . The difference may be due We estimate that at 0 ′ -6 ′ , 6 ′ -9 ′ and 9 ′ -11 ′ from the aimpoint, the limiting L X for a coronal source in M 67 is ∼2.1 10 28 , 5.5 10 28 and 1.3 10 29 erg s −1 . The average L X is plotted for the variables, but luminosity ranges are indicated. The fits of log L X to log P orb including S 999 (full line), and excluding S 999 and using the "quiescent" L X of S 1082 (dotted line) are shown.
to the fact that our sample is homogeneous in age: old enough that all binaries out to ∼12 d are synchronous, and that no stars are rotating rapidly without tidal interaction. Dempsey et al. (1993a Dempsey et al. ( , 1997 emphasize that their sample of almost 200 active binaries, taken from the Catalogue of Active Binaries (Strassmeier et al. 1993) , is not necessarily homogeneous but instead also contains systems that may not be true RS CVns.
We note that S 999 is considerably above the observed general trend, being ∼100 times brighter than S 986, which has similar photometric and orbital properties. Since Fig. 7 suggests no large variation in the countrate of S 999, a flare may not explain the relatively high luminosity.
a correlation coefficient of -0.95. We note that this relation is similar to the log LX ∝ 2 log(v sin i) relation found for single late-type stars by Pallavicini et al. (1981) .
The eccentric long-period blue straggler S 997
S 997 (CX 95) is a blue straggler in an eccentric orbit of 4913 d. The primary has T eff ≈ 6600 K and v sin i ≈ 20 km s −1 (Latham & Milone 1996; Shetrone & Sandquist 2000) . In normal late-type stars the combination of X-ray activity and such a high v sin i is not unusual, but other M 67 blue stragglers with similar T eff and v sin i 20 km s −1 (S 975, S 1195) are not detected in X-rays. The eccentric orbit suggests that no strong tidal interaction is taking place; moreover, the orbit is too wide for rapid synchronous rotation of a possible late-type secondary. Like for the other detected blue and yellow stragglers with wide eccentric orbits (S 1072, S 1237), we do not understand the X-rays of S 997. Possibly, like S 1082, it contains a close binary that so far went undetected because it is faint or has spectral lines that are broadened by rotation.
Other members
S 1281 (CX 94) shows no radial-velocity variations in six observations spanning 3923 days (D. Latham, priv. comm.) . This star is marked as a possible blue straggler by Sandquist (2003) . S 1050 (CX 104) shows radialvelocity variations that suggest an orbital period longer than 12 d (D. Latham, priv. comm.) . If both stars are indeed single or long-period binaries, their X-rays are still unexplained.
S 1203 (CX 67) has never been investigated for binarity. It lies somewhat above the main sequence, and could be a photometric binary (Montgomery et al. 1993 ).
Sources near the main sequence
The optical counterparts of twelve new sources lie near the lower end of the M 67 main sequence. These sources likely belong to M 67; large contamination from foreground or background stars is not expected since M 67 has a high galactic latitude (b = 32
• ). The hardness ratios of many are compatible with coronal emission (see Fig. 4 ). Fig. 10 , which is an extended version of Fig. 4 in , shows that if these sources are cluster members, their X-ray luminosities are comparable to those of field active binaries with late-type main-sequence primaries. The counterparts are too faint to be included in propermotion or radial-velocity studies, but for some we have additional photometric information. CX 58 is a star on the binary sequence, for which Stassun et al. (2002) derive a photometric period of P ph = 3.58 d (their star 2703). CX 141 is EY Cnc with P ph = 8.4 d (Gilliland et al. 1991) . We suggest that these stars are active binaries in which spots on the surface of the active star cause the brightness variations. In that picture, the photometric period is the rotation period, which for synchronous rotation equals the orbital period. Other stars that Montgomery et al. (1993) note to be on the binary sequence are CX 76, CX 77 and CX 153. CX 76 shows brightness variations, but no period was found , their star 3348). 5.3.6. The bright new source CX 2/E 510 CX 2 is a new bright source with a faint (V ≈ 21) blue optical counterpart, source 510 in the EIS list. It is not clear whether E 510 belongs to M 67, or is instead a background star or galaxy. From Fig. 7 we estimate that Chandra sources with a countrate comparable to that of CX 2 would have been easily detected by ROSAT. We conclude that CX 2 must have brightened at least an order of magnitude since the time when the ROSAT observations were taken (1991, 1993) . The spectrum of CX 2 has a hard and soft component; the N H is higher than the value for M 67 and is therefore likely to be intrinsic. Like EU Cnc (CX 57) it could be a magnetic cataclysmic variable. If CX 2 belongs to M 67, we find L X ≈ 5 10 31 erg s −1 (0.3-7 keV) which is inside the observed range for cataclysmic variables. However, we find a blackbody temperature (∼120 eV) that is on the high side for polars, that have typical soft components of 30-100 eV. The ratio of the typical size of the X-ray emission area R and the distance, as derived from the normalization of the blackbody, is 6.0 10 −17 , which for the distance of M 67 is quite small (R = 1.5 km) for a white dwarf. To check if CX 2 could be a binary in M 67 with a neutron star or a black hole, we compare its X-ray luminosity with those of low-mass X-ray binaries in quiescence. These sources are believed to emit X-rays due to thermal emission from the cooling neutron star surface and/or due to low-level accretion from a low-mass secondary. Garcia et al. (2001) give L X normalized to the Eddington luminosity L Edd , for both neutron-star and black-hole systems. For CX 2, we find log(L X /L Edd ) ≈ −6.6 assuming CX 2 contains a 1.4 M ⊙ neutron star, and log(L X /L Edd ) ≈ −7.3 assuming a 7 M ⊙ black hole; the upper limits from the ROSAT detection are ten times lower. Comparison with Fig. 1 from Garcia et al. (2001) shows that these luminosity ranges are in agreement with systems containing a black hole, while all neutron-star systems but one (the milli-second pulsar SAX J1808-365) are brighter. The X-ray spectra of quiescent black-hole low-mass X-ray binaries can be well fitted by power laws with Γ ≈ 2 (Kong et al. 2002) , but excess soft emission as we find for CX 2 is not reported in the (mostly faint with < 150 counts) Chandra spectra fitted by Kong et al. (2002) . If CX 2 lies beyond M 67, L X increases accordingly allowing the possibility of a neutronstar system. Note that, in either case, the luminosity variation between the ROSAT and Chandra observations also needs to be explained. Clearly, more information is needed to establish the nature of this system.
We note that we detected CX 2 in archival XMMNewton observations taken on 2001 October 21, almost five months after our Chandra observation. Preliminary analysis of the EPIC-pn spectrum (∼200 source counts) shows that its flux has decreased to about 75% of the flux level during the Chandra observations. Here we assumed the parameters of the best-fit spectrum in Table 6 .
Another possible variable source with a faint counterpart is CX 12, that has a hard spectrum (see Fig. 7 ).
Probable non-members
CX 109 and CX 118 are the probable non-members S 1466 and S 1013, respectively, whose photometry places them among the blue stragglers of M 67. A deviant proper motion could be due to a close encounter that created a blue straggler, as suggested for S 1466 by Landsman et al. 1998 . If they are foreground dwarfs, L X ≈ 1-2 10 28 erg s −1 ; if they are background giants, L X ≈ 2-4 10 29 erg s −1 . This is inside the observed range for early-F dwarfs/giants (Schmitt 1997; Maggio et al. 1990 ). Neither star has been investigated for binarity. S 1466 was also detected in ultraviolet by Landsman et al. (1998) ; its 1520Å-V colour suggests it is an A 8 star (W. Landsman, priv. comm.) , only slightly hotter than the F 0-type derived from its B − V .
Summary and conclusions
We detected 25 cluster members, including ten new sources. Most of these members are binaries, which is not unexpected as old single stars are faint in X-rays. Almost all binaries with P orb < 12 d in the ACIS field of view are detected (Fig. 9) ; their X-ray luminosities decrease with increasing orbital period. For detached binaries with mainsequence or subgiant primaries, this period corresponds to the period where the transition from circularized to eccentric orbits occurs in M 67 (P cut = 12 d, Latham et al. 1992) . The detection of most binaries with P orb < P cut is therefore consistent with the explanation of their Xrays: the activity is enhanced by rapid synchronous rotation. Two binaries with P orb < P cut are not detected. For S 810 (P orb =10.2 d) this could be due to the high upper limit for L X . S 1284 (P orb =4.2 d) is a binary of a late-A blue straggler while the lower limit on the secondary mass is compatible with a white dwarf and a late-type dwarf . The eccentric orbit (e = 0.21) indicates that strong tidal interaction is not taking place.
Surprisingly, we detected one cluster member, S 1281, that shows no radial-velocity variations. Also the detection of the systems with P orb ≫ 12 d, in which strong tidal interaction is not expected, remains a mystery. Our spectral fits indicate that the X-rays of the sub-subgiant S 1063 and the giant plus white dwarf S 1040, are coronal.
The twelve X-ray sources near the main sequence are candidates for being close binaries, but their membership and binary status should be established by spectroscopy. We also detected a group of sources with optically faint blue counterparts, including a new bright source that must have brightened at least ten times since the time of the ROSAT observations. While we expect that most of them are background sources, some could be interacting binaries in M 67. Table 1 . X-ray sources in the field of M 67 detected by Chandra. For each source we list the Chandra number, the distance from the aimpoint, the celestial position (J 2000) derived from the image in the total energy band, the number of background-corrected counts in the total energy band derived by wavdetect, the net countrate (i.e. corrected for background counts and for vignetting) in the total band, the energy band B in which the detection has the highest significance (S=0.3−2 keV, H=2−7 keV, T=0.3−7 keV), and the hardness ratio HR (if σ HR < 0.4). If appropriate, we also give the ROSAT counterpart 'X' , the optical counterpart 'opt', and the distance d XO between the Chandra and the optical source. The name of the optical counterpart is selected from (in order of preference): Sanders (1977) (S), the EIS list of Momany et al. (2001) (E), and Fan et al. (1996) (F) . Sources that are identified by eye with objects listed in neither catalogue are labelled with 'faint' (see Table 4 ). −6 but not with the threshold set to 10 −7 * * All positions are corrected for a systematic offset with respect to the EIS optical positions which is ∆α = αX − αopt = −0. ′′ 23 and ∆δ = δX − δopt = −0.
